A simple model for calculating the particle-vibration form factor is studied. Explicit expressions of the latter quantity are worked out for various kinds of vibrations, assuming a static, zero range effective interaction. Numerical results for (T=0) and (T = 1) octupole vibrations, for Fermi and Gamow-Teller vibrations are given. The influence of the range of the effective interaction is discussed in relation with the nature of the vibration.
I. Introduction
The interaction between a valence (or incoming) nucleon and a nuclear core seems to play an important role in various phenomena like the compression of the single-particle levels near the Fermi sea [1] [2] [3] , the contraction of nuclear valence orbitals [1, 4] and the radiative capture of nucleons by atomic nuclei. The description of this coupling has gone in two main directions. On the one hand, one adopts a phenomenological view, assuming that the core can vibrate and that these vibrations can be described by a phonon field. An important quantity entering into this picture is the so-called form factor which essentially describes the probability of exciting the one-phonon state as a function of the position of the valence nucleon, it is usually thought that the form factor peaks at the nuclear surface, an argument based on some hydrodynamical models [5] . On the other hand, in the recent years, the microscopic description of the particle-vibration coupling has made substantial progress. In this approach, the vibrational state is viewed as a superposition of particle-hole excitations of the Hartree-Fock ground state. The probability of exciting the vibration is related to the matrix element of some effective interaction between the one-particle and the one-particle plus vibration states. This approach is very promising. In particular, it shows that the particlevibration coupling compresses the density of the single-particle states near the Fermi surface [3] . However, it requires an important computational effort, that must be repeated for every nucleus. For the analysis of the radiative capture of nucleons or of the deep inelastic collisions between heavy ions, processes which are already quite complex, the microscopic description of the vibration is prohibited for practical reasons and one has to rely upon the phenomenological description. A good knowledge of the form factor is then desirable. We are, however, far from this goal, since at least some of the radiative capture data are analyzed (in the frame of the direct-semi-direct model) with a volume form factor [6, 7] . We would like to clarify the issue by a kind of intermediate approach. What we do essentially is to assume that the vibrational (giant) state exhausts the non energy weighted sum rule relative to some operator with the same quantum numbers. This permits us to construct this state in a simple manner. The next step is to write the interaction hamiltonian in a microscopic manner (i.e., with an effective nucleonnucleon interaction) and in a macroscopic form (involving the amplitude of the vibration). A comparison of the matrix elements yield the expression of the form factor. The same arguments have been advanced in [6, 8] , but have not been developped. In I-9], we have briefly reported on the results of the calculations we made for the dipole and quadrupole vibrations. We showed that the shape of the form factor lies in between the surface and volume forms. Our purpose here is threefold. Firstly, we want to give the derivation of the expression of the form factor, for many different vibrations, using a static zero-range interaction. We study center of mass corrections (this point was overlooked in [9] ). Secondly, we report on numerical results for octupole, Fermi and Gamow-Teller vibrations. Finally, we discuss the importance of the effective interaction and indicate how our conclusions may change if one goes to more complicated effective interactions.
II. The Model
The interaction between an incident valence nucleon and the core can be given under the microscopic form
Hi,,,t = ~" v(x, xi), (2.1)
i where x represents the space, spin and isospin coordinates for the valence nucleon and where x~ stands for the same coordinates of the ith nucleon of the core. For simplicity, we will consider first a static contact interaction:
v(x, xi) = 6(r-ri)
[Po + Ps o. o i + Pr ~" zi + Prs a" o i z. ri]. (2.2)
The interaction hamiltonian can also be written as a scalar product of the irreductible tensors relative to the nucleon (J//,) and to the core (Au(r)):
Hin t = ~ P. Au(r) Jg., for S = 1 and T= 1, respectively. The a and r are the usual Pauli matrices in spin and isospin spaces. The quantity P, depends upon the indices S and T of the set y only, in the case of the interaction (2.2). Alternatively, the interaction hamiltonian can be written in the following macroscopic form:
6(r--~)
HI. t = ~ k~, h~,(r) jill. ~.,
where % is now the collective coordinate associated with the vibration of the core, k, is the coupling constant and h.(r) is the form factor. The way we calculate h, can be described in the three following steps:
(i) For a given multipole g, we assume that the giant resonance state [G,> is related to the ground state 10> by:
where Q, is a one-body operator of multipolarity #: ((2,) .
Relation (2.6) amounts to assume that the state [G,> exhausts the non-energy weighted sum rule for the operator Q,.
(ii) The vibration is described as a one-phonon state. More precisely, we assume that the giant resonance state is a pure one-phonon state relative to the collective variable e,, while the ground state is the zero-phonon state. Equivalently, we require: k. hu(r)=P (01Q2 A.(r)l 0> (2.10) " (01Q2 Q,I0) " Because of (2.4b) and (2.7), Q. can be written as Q. = ~ f(r) Au(r) r 2 dr. If we demand that hu(r) satisfies the normalization condition
